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ABSTRACT 

The p r o p o s a l s  deve loped  by MSC and KSC f o r  a n  ALSEP 
f l i g h t  s u p p o r t  sys tem meet t h e  s ta ted  r e q u i r e m e n t s .  
c o n s i d e r a t i o n s  f a v o r  t h e  KSC approach .  
t i o n s  f a v o r  MSC. 

Cost  
Q u a l i t a t i v e  c o n s i d e r a -  

We recommend t h a t  MSC be s e l e c t e d ,  b u t  w i t h  t h e  
f o l l o w i n g  p r i n c i p a l  c o n s t r a i n t s  t o  r e d u c e  c o s t s :  

1. 

2 .  

3. 

4. 

E l i m i n a t e  t h e  D i g i t a l  TV d i s p l a y  c a p a b i l i t y  f rom 
t h e  f l i g h t  s u p p o r t  s y s t e m .  

E v a l u a t e  a l t e r n a t i v e  methods o f  i n t e r f a c i n g  
w i t h  t h e  MSFN, e . g . ,  the u s e  o f  t h e  Communications 
Command and T e l e m e t r y  System, t h e  u s e  o f  2 . 4  KB 
l i n e s .  

R e s t r i c t  ALSEP f l i g h t  s u p p o r t  t o  a s i n g l e  
IBM 360/50 computer .  

E s t a b l i s h  t h e  concept  t h a t  t h e  IBM 3 6 0 / 5 0  
computer  i s  a mul t i -purpose  computer ,  n o t  
d e d i c a t e d  t o  ALSEP. 

Q 
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DATE: September  6 ,  1968  

FROM: B. H .  L i e b o w i t z  
R .  J .  P a u l y  

A p r o p o s a l  was p r e p a r e d  by MSC which i n d i c a t e d  t h e  
r e s o u r c e s  i t  would need t o  deve lop  a n  Apo l lo  Lunar S u r f a c e  
Exper iments  Package (ALSEP) f l i g h t  s u p p o r t  sys t em.  Af te r  
r e v i e w i n g  t h e  p r o p o s a l ,  D r .  G .  E .  Mue l l e r  a sked  t h a t  i n -  
q u i r i e s  be made t o  see i f  one of t h e  o t h e r  NASA C e n t e r s  c o u l d  
pe r fo rm t h e  f l i g h t  s u p p o r t  f u n c t i o n  w i t h  e x i s t i n g  r e s o u r c e s .  
I n  r e s p o n s e ,  a n  ALSEP f l i g h t  s u p p o r t  sys t em p r o p o s a l  was de- 
v e l o p e d  by  K S C .  

A t  t h e  r e q u e s t  o f  Maj. Gen. J .  D .  S t evenson ,  MO, 
Bellcomm performed a compara t ive  e v a l u a t i o n  o f  t h e  MSC and K S C  
p r o p o s a l s .  
memorandum, were g i v e n  as a n  o r a l  p r e s e n t a t i o n  t o  Gen. S t evenson  
on J u n e  28,  1 9 6 8 .  

The r e s u l t s  o f  t h e  e v a l u a t i o n ,  p r e s e n t e d  i n  t h i s  

MSC ALSEP FLIGHT SUPPORT SYSTEM PROPOSAL* 
~ 

MSC proposed  a s i n g l e  f l i g h t  s u p p o r t  s y s t e m ,  which 
would p r o v i d e  s i m u l t a n e o u s  s u p p o r t  f o r  two ALSEPs. 
F i g u r e s  1 and 2 ) .  
f o l l o w s  : 

(See  
The b a s i c  f e a t u r e s  o f  t h e  sys t em a re  as 

1. 

2. 

3 .  

ALSEP t e l e m e t r y  d a t a  would be c o l l e c t e d  
by t h e  MSFC and r o u t e d  from GSFC t o  MSC 
v i a  a 40.8 KBPS d a t a  c i r c u i t .  

A t  MSC, t h e  data  would b e  r o u t e d  t o  an  
IBM 3 6 0 / 5 0  computer ,  w i t h  524 ,288  8 - b i t  
b y t e s  of  c o r e  s t o r a g e  v i a  an  MSFN i n t e r -  
f a c e  t e r m i n a l .  

The computer  would decommutate, c a l i b r a t e  
and l i m i t  check  t h e  da ta ,  and p e r f o r m  
s p e c i a l  computa t ions .  

*For comple t eness ,  t h i s  s e c t i o n  and t h e  s u c c e e d i n g  one have  
been  r e p r i n t e d  from: " T r i p  Repor t :  ALSEP F l i g h t  C o n t r o l  S u p p o r t  
System," Bellcomm Memorandum f o r  F i l e ,  R .  J .  P a u l y ,  August 1, 19684 
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4 .  The d a t a  would b e  o u t p u t  f rom t h e  com- 
p u t e r  t o  a n a l o g  s t r i p  c h a r t  r e c o r d e r s ,  
drum r e c o r d e r s ,  l i g h t s ,  meters, o c t a l /  
dec ima l  r e a d o u t s ,  high-speed p r i n t e r s  
and d i g i t a l  TV d i s p l a y s .  

5. Commands would b e  i n i t i a t e d  by a 
push-but ton  e n t r y  c o n s o l e  i n p u t  t o  t h e  
computer and r o u t e d  t o  t h e  MSFN v i a  
a 4 0 . 8  KBPS c i r c u i t  f rom MSC t o  GSFC. 

The MSC d e s i g n  i s  based on p r o d u c i n g  a f l i g h t  s u p p o r t  
sys t em which i s  c o m p a t i b l e  wi th  t h e  e x i s t i n g  Miss ion  C o n t r o l  
C e n t e r  s y s t e m s ,  
The p roposed  IBM 360/50 computer i s  on r e n t a l  a t  MSC and would 
be a v a i l a b l e  f o r  t h e  ALSEP s u p p o r t  f u n c t i o n .  
c o u l d  be  used  f o r  f u n c t i o n s  o t h e r  t h a n  ALSEP when t i m e  i s  a v a i l -  
a b l e .  
o t h e r  f u n c t i o n s  can  be s u p p o r t e d  d u r i n g  an ALSEP c o n t r o l  p e r i o d .  

E x i s t i n g  r e s o u r c e s  would be used  where p o s s i b l e ,  

T h i s  computer 

It may a l s o  b e  f e a s i b l e  t o  t ime- sha re  t h e  computer  s o  t h a t  

KSC ALSEP FLIGHT SUPPORT SYSTEM PROPOSAL 

KSC proposed  two i d e n t i c a l  f l i g h t  s u p p o r t  sys t ems ,  
which would p r o v i d e  s i m u l t a n e o u s  s u p p o r t  f o r  two ALSEPs (See  
F i g u r e  3 ) .  
b a s i c  f e a t u r e s  o f  t h e  sys t ems  a re  as follows: 

One s y s t e m  would be  d e d i c a t e d  t o  e a c h  ALSEP. The 

1. 

2 .  

3. 

4 .  

5 .  

ALSEP t e l e m e t r y  d a t a  would be  c o l l e c t e d  
by t h e  MSFN and r o u t e d  from GSFC t o  KSC 
v i a  a 2 . 4  KBPS data c i r c u i t .  

A t  KSC, t h e  d a t a  would b e  p a r t i a l l y  de-  
co rned  by a PCM ground s t a t i o n ,  and i n p u t  
t o  a n  SDS 930 computer w i t h  3 2 , 0 0 0  2 4 - b i t  
words o f  c o r e  s t o r a g e .  

The computer would complete  t h e  decommutation 
and c a l i b r a t e  and l i m i t  check t h e  d a t a .  

The d a t a  would be o u t p u t  f rom t h e  computer 
t o  a n a l o g  s t r i p  c h a r t  r e c o r d e r s ,  drum r e c o r d e r s ,  
l i g h t s ,  meters,  o c t a l / d e c i m a l  r e a d o u t s ,  and 
a high-speed l i n e  p r i n t e r .  

Commands would be i n i t i a t e d  by a t y p e w r i t e r  
i n p u t  t o  t h e  computer and r o u t e d  to t h e  
MSFN v i a  a 2 . 4  KBPS c i r c u i t  f rom KSC t o  GSFC. 
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The K S C  f l i g h t  suppor t  sys t em would be t o t a l l y  ded- 
i c a t e d  and t a i l o r e d  t o  ALSEP s u p p o r t .  
would b e  used  where p o s s i b l e .  
SDS 930 computers  c o u l d  be o b t a i n e d  from MSFC. There a p p e a r s  
t o  be  ample f a c i l i t i e s  ava i l ab le  t o  house  t h e  s u p p o r t  sys tem.  

E x i s t i n g  r e s o u r c e s  
The p r o p o s a l  assumes t h a t  two 

SUMMARY OF IDENTIFIABLE COSTS 

A comparison o f  t h e  i d e n t i f i a b l e  c o s t s  f o r  t h e  two 
f l i g h t  s u p p o r t  sys tems i s  p r e s e n t e d  below.* The c o s t s  a re  f o r  
d e v e l o p i n g  and o p e r a t i n g  t h e  s y s t e m s  ove r  a t h r e e  y e a r  p e r i o d .  
The computer c o s t s  a re  based  on t h e  a s sumpt ion  t h a t  t h e  machines  
would be  a p p l i e d  o n l y  t o  ALSEP. 

MSC - KSC - 

Computer R e n t a l  $1,450,000 $700,000 
Non-Computer Hardware Purchase  428 ,000  4 2 0 , 0 0 0  
Suppor t  P e r s o n n e l  1 ,650,000 786,000 0 64,000 Communications 

T o t a l  $3,528,000 $1,970,000 

QUALITATIVE FACTORS 

I n  comparing t h e  two p r o p o s a l s ,  a number o f  p o s i t i v e  
and n e g a t i v e  f a c t o r s  were i d e n t i f i e d .  These f a c t o r s  a re  d i s -  
c u s s e d  b r i e f l y  below. 

P o s i t i v e  Aspec t s  of  MSC Proposa l  

1. The proposed IBM 360/50 computer i s  on r e n t a l  
a t  MSC, and would be a v a i l a b l e  f o r  t h e  ALSEP 
s u p p o r t  f u n c t i o n .  Using a n  e x i s t i n g  com- 
p u t e r  i s  a n e c e s s i t y ,  s i n c e  a new computer 
c o u l d  n o t  be a c q u i r e d  i n  t h e  r e q u i r e d  t i m e  
frame . 

2 .  Sof tware  p e r s o n n e l  w i th  e x p e r i e n c e  on 
real-time f l i g h t  suppor t  sys tems and t h e  
IBM 360/5O computer a r e  a v a i l a b l e .  

3 .  Exper ienced  f l i g h t  c o n t r o l  p e r s o n n e l  a re  
a v a i l a b l e .  

*A more d e t a i l e d  c o s t  comparison i s  i n c l u d e d  i n  t h e  append ix .  
The c o s t s  were o b t a i n e d  from MSC and KSC p e r s o n n e l  d u r i n g  t h e  
v i s i t s  t o  t h e  Centers .  
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4 .  The ALSEP program office and lunar science 
facility are located at MSC. 
pertise is available. 

Coordination between ALSEP flight controllers, 
Apollo flight controllers and Manned Space 
Flight Network (MSFN) controllers would be 
simplified. 

Thus, ALSEP ex- 

5. 

6. Since the IBM 360/50 is compatible with the 
other Real Time Computer Complex Machines, 
excess computer time could be used for other 
applications. In addition, a multi-job 
facility is being developed for the computer 
which will allow one real-time job and one 
non-real-time job to be run on the computer 
at the same time. Thus, the ALSEP application 
could time-share the computer with a non-real-t 
application such as RTCC Apollo program check- 
out. The multi-job facility is scheduled to be 
available in August 1968. 

ime 

7 .  Some detailed analysis of the proposed flight 
support system has been performed. 

8 .  The ALSEP facility could be a forerunner of 
a sustained processing facility for the Apollo 
Applications Program. 

Negative Aspects of MSC Proposal 

1. The ALSEP flight support facility would re- 
quire 5,500 square feet of floor space in a 
building that is already crowded. 

2 .  Using facilities developed to support 
sophisticated manned space flight activities 
imposes a high cost overhead, when supporting 
a relatively simple unmanned scientific package. 
This fact is reflected in the cost comparison 
contained in this report. 

Positive Aspects of KSC Proposal 

1. Personnel with experience in real-time com- 
puter systems and telemetry data processing 
are available. 

2.  The flight support system would be developed 
specifically for ALSEP. 
constrained by a need to be compatible with a 
system developed to support manned space flight 
missions. 

It would not be 
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3 .  Floor s p a c e  f o r  t h e  f l i g h t  s u p p o r t  f a c i l i t y  
i s  more t h a n  adequa te .  

Negative Aspec t s  o f  KSC Proposa l  

1. The p roposed  SDS 930 computers  are n o t  c u r -  
r e n t l y  a v a i l a b l e .  Two SDS 930 computers  
a re  s c h e d u l e d  t o  b e  re leased by MSFC t h i s  
f a l l ,  when t h e  newly i n s t a l l e d  Univac 1 1 0 8  
computers  become f u l l y  o p e r a t i o n a l .  A 
procurement  a c t i o n  would have t o  be i n i -  
t i a t e d  t o  augment t h e  SDS 930 computers  w i t h  
a d d i t i o n a l  c o r e  and p e r i p h e r a l  d e v i c e s .  
T h i s  a c t i o n ,  t h e  subsequen t  u p d a t i n g  of  t h e  
equipment ,  and t h e  movement o f  t h e  computers  
would have t o  b e  completed by December 1, 1968,  
t o  meet t h e  ALSEP s u p p o r t  d a t e .  Past h i s t o r y  
o f  computer  procurement  a c q u i s i t i o n s  i n d i c a t e s  
t h a t  i t  may be  d i f f i c u l t  t o  meet t h i s  da te .  

2 .  A l i m i t e d  number o f  e x p e r i e n c e d  SDS 930 s o f t -  
ware p e r s o n n e l  are ava i l ab le .  A d d i t i o n a l  
p e r s o n n e l  would have t o  b e  t r a i n e d .  

3.  KSC has had d i f f i c u l t y  i n  o b t a i n i n g  and 
r e t a i n i n g  expe r i enced  programming p e r s o n n e l .  

4 .  ALSEP t e l e m e t r y  data  would s t i l l  have t o  b e  
p rov ided  t o  MSC d u r i n g  t h e  deployment p h a s e .  
The data  would b e  used b y  MSC t o  a s s i s t  t h e  
a s t r o n a u t s  i n  dep loy ing  t h e  ALSEP. 

5 .  F l i g h t  c o n t r o l  c a p a b i l i t y  and ALSEP expe r -  
t i s e  would have t o  be deve loped  a t  KSC, 

CONCLUSIONS 

The compara t ive  c o s t s  f o r  t h e  two p r o p o s a l s  f a v o r  KSC. 
Based on t h e  a s sumpt ion  that  t h e  computers  would be used  o n l y  
f o r  ALSEP, t h e  MSC computer  c o s t s  a re  est imated t o  b e  t w i c e  t h e  
KSC computer  c o s t s .  The c o s t  o f  non-computer hardware which 
would have t o  b e  a c q u i r e d  i s  comparable for t h e  two C e n t e r s .  
The p e r s o n n e l  c o s t s  e s t i m a t e s  a r e  a p p r o x i m a t e l y  t w i c e  as h i g h  
f o r  MSC as KSC. The c o s t s  a r e  based on p a y i n g  $ 1 0 , 5 0 0  p e r  man 
y e a r  a t  KSC and $25,000 p e r  man y e a r  a t  MSC. 

The i n t a n g i b l e s  and q u a l i t a t i v e  f a c t o r s  f a v o r  MSC. 
Based on p a s t  e x p e r i e n c e  and p r e s e n t  c a p a b i l i t i e s ,  MSC a p p e a r s  
t o  be  t h e  l o g i c a l  p l a c e  t o  do t h e  j o b .  S i n c e  t h e  computers ,  
s o f t w a r e  p e r s o n n e l  and f l i g h t  c o n t r o l l e r s  are  c u r r e n t l y  a v a i l -  
a b l e ,  there  would be g r e a t e r  a s s u r a n c e  o f  s u c c e s s  i f  MSC i s  
s e l e c t e d .  
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The cost of doing the job at MSC could be reduced in 
several ways. Since the ALSEP computer is compatible with the 
other RTCC computers, it could be used for other activities when 
it is not required for ALSEP. 
shared by ALSEP and the other activities. By reducing the real- 
time support hours, the ALSEP share of the computer c o s t  could be 
reduced. 
system could reduce computer hardware and software costs. 

RECOMMENDATIONS 

The computer costs would be 

Reducing the capabilities of the proposed flight support 

We recommend that MSC be selected, contingent,upon the 
acceptance of the cost reduction constraints listed below. If 
MSC can not reduce costs significantly, Headquarters should 
reevaluate the selection. 

Constraints to Reduce Cos ts  

1. Eliminate the digital TV display capability from the 
flight support system. This would reduce hardware 
costs by approximately $97,000, reduce support personnel 
cost by $75,000 and eliminate up to 15% of the load on 
the computer central processing unit (CPU)." The CPU 
time released from ALSEP support could be used for another 
application by making use of the IBM 360/50 multi-job 
capability. 

2.  Evaluate the following alternatives for routing the 
ALSEP data and coiiiliiajids between GSFC and MSC: 

a. Use the Communications Command and Telemetry 
System (CCATS) as the MSC interface with the 40.8 
KBPS circuits t o  GSFC in lieu of purchasing two new 
interface terminals. 

b .  Use one or two 2.4 KBPS circuits between GSFC and 
MSC in lieu of the 40.8 KBPS circuits. 

c. Use manual switchover if failure occurs in a 
40.8 KB line, thereby saving the cost of one 
MSFN interface. 

3. Restrict ALSEP flight support to the use of a single 
IBM 360/50 Computer in the Mission Control Center. 
the RTCC as a functional backup to provide a minimum real- 
time display capability and initiate commands manually 
from the remote sites. 

Use 

*The specific hardware items which could be eliminated to re- 
duce costs are indicated in'the appendix. 
personnel represents an MSC estimate of three man years which could 
be saved in the Philco design effort. 

The $75,000 for support 
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4 .  E s t a b l i s h  t h e  concept  t h a t  t h e  IBM 360/50 
computer  i s  a mul t i -pu rpose  computer ,  n o t  
d e d i c a t e d  to ALSEP. 
p o i n t ,  t h e  computer h o u r s  cha rged  t o  ALSEP 
s h o u l d  be i d e n t i f i e d  and r e p o r t e d  t o  Head- 
q u a r t e r s  and t h e  ALSEP program o f f i c e  a t  
M S C .  It would b e  h e l p f u l  if a b u d g e t i n g  
and a c c o u n t i n g  system were used  i n  which 
t h e  f l i g h t  s u p p o r t  c o s t s  c o u l d  be cha rged  
d i r e c t l y  t o  t h e  ALSEP program. 

To emphas ize  t h i s  

5.  E x p e d i t e  t h e  development of t h e  IBM 360/50 
m u l t i - j o b  c a p a b i l i t y .  Des ign  t h e  ALSEP 
f l i g h t  s u p p o r t  program t o  t ake  a d v a n t a g e  
o f  t h e  c a p a b i l i t y  ( i . e . ,  d e s i g n  a modular  
ALSEP program which can  be r educed  i n  s i z e  
as  d i s p l a y  r e q u e s t s  and expe r imen t  mon i to r -  
ing are  r e d u c e d ) .  

Conduct a Headquarters/MSC r e v i e w  o f  t h e  
ALSEP r e q u i r e m e n t s  w i t h  t h e  o b j e c t i v e  
o f  r e d u c i n g  real-time s u p p o r t  h o u r s .  

7 .  I n i t i a t e  a s t u d y  t o  d e t e r m i n e  i f  t h e  t o t a l  
complement of IBM 360 computers  a t  MSC 
can  be r e d u c e d .  

6 .  
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BELLCOMM, INC. 

KSC 
PCM Data C o n v e r t e r  
Time Code C o n v e r t e r  
Command Word Assembler & 

P a r a l l e l / S e r i a l  C o n v e r t e r  
D i s p l a y  S e l e c t i o n  & D i s t r i -  

b u t i o n  

- 

' D i g i t a l  Analog C o n v e r t e r s  

L i g h t s ,  Meters, O c t a l /  
Decimal Readouts  

Materials 

Drum R e c o r d e r s  

Cable and O t h e r  Expendable  

One System 

TOTAL - Two Systems 
S p a r e  Par t s  

Analog Tape Recorde r s  
S t r i p  Char t  Recorde r s  
A n a l o g / D i g i t a l  Readouts  
Modify PCM Decommutator 

ANNUAL EXPENDABLES 

TABLE 2 
NON-COMPUTER HARDWARE COST 

25K 
5K 

3 OK 

30K 
25K 
3 5 K  

1 5 K  

20K 

185K 

370K 
5 OK 

O.H. 
O.H. 
O.H.  

O.H. 
10K 

2 . 4  KBPS Data C i r c u i t  
GSFC t o  KSC ( 2  c i r c u i t s )  15,960 p e r .  y r .  

GSFC t o  KSC Voice C i r c u i t  5,520 p e r .  y r .  

MSC 
D i g i t a l  D e m u l t i p l e x e r s  
E n c o d e r / M u l t i p l e x e r  
C h a r a c t r o n  D e m u l t i p l e x e r  
MSFN I n t e r f a c e  ( 2  e a c h )  
Manual VSM 
8 1  Dac Cards 

Timing I n t e r f a c e  Un i t  
Drum R e c o r d e r s  
Overhead M o n i t o r s  
Console  Moni to r s  
High Speed P r i n t e r  
VSM Scanner  
Key S e t s  (Te lephone)  
TOTAL - One System 

- 

D i g i t a l  D i s p l a y  D r i v e r  

70K 
25K 
50K* 
100K* 

1 K *  
20K 
15K 
25K 

6 K *  
4 K *  

25K 
15K* 
72K 
428K 

O . H .  
D i g i t a l  t o  Analog C o n v e r t e r s  O.H. 
Brush S t r i p  Char t  Recorde r s  O.H. 

O.H. Analog Meter P a n e l s  

Consoles  O.H. 
O . H .  Opaque T e l e v i e w e r s  

O.H. Event  P a n e l s  

O.H. P a t c h  P a n e l s  

O.H. C h a r a c t r o n  ( 4  Chahnel ) 

4 0 . 8  KBPS Data C i r c u i t  
GSFC t o  MSC O.H. 

O.H. GSFC t o  MSC Voice C i r c u i t  

O . H . :  On Hand 

* I t e m s  which c o u l d  be e l i m i n a t e d  t o  r educe  c o s t s .  The $100K r e d u c t i o n  by e l i m -  
i n a t i n g  t h e  MSFN i n t e r f a c e s  would be p a r t i a l l y  o f f s e t  by t h e  c o s t  o f  implement- 
i n g  t h e  a l t e r n a t i v e  approach .  



BELLCOMM, I N C .  

TABLE 3 

PERSONNEL COST 

KSC 
T 

Hardware Development & I n t e g r a t i o n  (One Year) * 
Software Development (One Year) * 

Hardware P l u s  Software (One Year) 262K 25 Man 
Years 

Annual Hardware Support (Two Years) * 
Annual Software Support (Two Years) * 
Annual Hardware Plus Software (Two Years) 262K 25 Man 

Years 

MSC 
3- 

525K Philco-21 
Man Years 

Man Years 
9OOK 36 Man 
Years 

375K IBM-15 

**  
375K 15 Man Years 
375K 1 5  Man Years 

* 
**  Annual hardware support  personnel  c o s t s  were not  i d e n t i f i e d .  

Hardware and sof tware  personnel  cos t s  were no t  i d e n t i f i e d ,  s e p a r a t e l y .  
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